ABSTRACT. Current paper evaluates the performance of confined beef cattle supplemented with amylolytic enzyme complex produced by fungus Aspergillus awamori and a commercial product containing multienzyme complex, yeast and MOS. Treatments comprised control (basal diet composed of 16% Mombasa grass silage, 66% ground corn, 3% vitamin nuclear mineral and 15% cottonseed meal), amylase treatment (control diet with the addition of 48.7 saccharifying units kg of the dry matter diet). The addition of products did not significantly increase daily weight gain, intake, feed conversion and carcass yield of cattle. There was no difference between in vitro digestibility of dry matter (IVDMD) in the diets. The percentage of residual fecal starch was not influenced by exogenous amylolytic enzymes of amylase and compound treatments. The tested products were not able to improve animal performance.
Introduction
Several diets may provide low rates of rumen degradation due to the impairment of enzyme activities produced by rumen microorganisms on the substrate. The amount of enzymes and substrate and the interaction between the two are relevant for hydrolysis. Since the amount of substrate and its availability in the rumen are not restricting, the quantity of available enzyme in the rumen may limit the degradation process (Dehority & Tirabasso, 1998) .
Enzyme supplementation may be an alternative to increase animal efficiency and reduce diet costs by greater amounts of available nutrients. Exogenous amylolytic and fibrolytic enzymes are currently being studied to increase animal efficiency Bowman et al., 2002; Gencoglu et al., 2010; Martins et al., 2006a, b, c; Martins et al., 2007; Martins et al., 2008) . A positive aspect that causes the use of exogenous enzymes in the diet of ruminants is that they function within a wide temperature range in the rumen .
Current research evaluated the performance of bulls fiished in feedlot and supplemented with amylolytic complex produced by the fungus A. awamori, coupled to a compound based on amylolytic and fibrolytic enzymes, yeasts and mannan oligosaccharids.
Material and methods
The fungus A. awamori, employed for the production of the amylolytic complex, was isolated from a soil sample. Petri plates with MEX medium containing [malt extract 3.0% (p v -1 ) and agar 2.0% (p v -1 )], autoclaved at 120ºC for 20 minutes were used. The culture was kept for 10 days at 30ºC and stored at 4ºC. The amylolytic enzymatic complex was produced by removing three 5mm-culture discs from the Petri plate and the spores of the microorganism were inoculated in 1.0 L-flasks with 250 mL of the induction medium (ground maize 10 g L ). The maize used as carbon source for the production of the multienzymatic complex was ground in a Willey mill with a 1mm diameter mesh. The flasks were incubated in a rotation shaker (Controlled Environment Incubator Shaker, Brunswick Scientific Co. Inc., U.S.A) at 30°C and 180 rpm. After 72 hours culture, the amylolytic enzymatic complex in the water solution was filtered in a vacuum and aliquots were collected, centrifuged at 4000 rpm for 10 minutes for the enzymatic assay by the saccharifying method (Miller, 1959) , and later given to the animals.
Animal performance assay was performed at a commercial feedlot in Rondonópolis, Mato Grosso State, Brazil, with 63 Nellore bulls finished in feedlot, average 24 years old and weighing 418 kg live weight, contemporary, and from the same cattle ranch Fazenda Santa Luzia in the same municipality.
Animals were given the helminth killer ivermectin 1% (Merial ® ) and vaccinated against chlostridiose, tetanus and botulism with vaccine (Vencofarma ® ). So that averages of diet intake could be obtained, the animals were divided into nine lots of seven animals each. Each lot was randomly housed in an experimental pen measuring 150 m 2 , with a 15 meter trough for feed. Water was given ad libitum.
The animals received diet and water ad libitum during the whole period and thus accustomed to the experimental diet during 19 days prior to the experimental period, followed by 47 days for assessment. The solution with amylolytic compound in the Amylase treatment was diluted in 3.5 liters of water at room temperature five minutes prior to the start of the daily diet mixture, sprayed on the cracked corn, which was then mixed with the other ingredients.
In compound treatment, powder 105 g of the product with the multienzyme complex was first mixed in 20 kg of cracked corn and then mixed with the other ingredients. Mixer (Realmix 8000 Realmaq ® ) was used to mix and distribute the diet. Prior to the addition of ingredients of each diet, the mixer was completely emptied and cleaned so that it would not be contaminated by the previously diet.
The diets of each treatment were prepared daily and provided once a day in the morning. The ingredients of each diet were weighed separately in a Digi-Star ® scale, calibrated by Inmetro (0.1%) and mixed during 5 minutes in the mixer. The diet was then given to the animals of each treatment.
Prior to the above, the diet of the previous day was removed from the feed trough and weighed to calculate intake and the quantity that had to be provided on that day to each lot. Daily amount was based on diet intake of the previous day with 10% surplus.
Diet samples were collected weekly during the experimental period and frozen for chemical analysis and to determine the in vitro degradability of the dry matter (IVDDM). Samples for each treatment were mixed and homogenized at the end of the experiment to prepare a compound sample of each treatment; they were then dried in a forced air oven at 55ºC for 72 hours. Further, samples were ground in a Willey mill with a 1 mm sieve for laboratory analysis. The animals were slaughtered, following humane protocols, at the end of the experimental period at an abattoir (Minerva Abattoir), with federal health inspection, at the same municipality, some 5 km from the feedlot ranch. The hot half-carcasses were weighed to calculate carcass dressing.
The animals were weighed at the start and finishing of feedlot on an electronic balance Beckhuser ® idBECK 2.0, calibrated by Inmetro (0.1%), within the management pen. This event was preceded by a 16-hour feed and water fast.
Technique described by Tilley and Terry (1963) was used in the IVDDM assay. Samples with 0.5 g ground meal from each treatment were conditioned in nylon filter bags (F57 Ankom ® ). Fourteen bags were placed in each jar at equal amounts, at incubation periods of 0, 6, 12, 24, 48 and 72 hours; procedure included two bags per incubation period and two empty sealed bags for weight correction. Four incubation replications were performed, totaling 56 bags per treatment.
The bags were added to the jars in a decreasing time order but removed together. The white sealed empty bag was used to calculate the correction factor. After removed from the jars, all the bags were washed in running water for 10 min. till the water was transparent once more. They were dried in a forced air oven at 55ºC for 72 hours to determine residual dry matter.
Contents of the rumen used to determine IVDDM was manually collected from a Holstein vs. Zebu calf, with average weight 370 kg. The animal was kept in a 12 m 2 pen with water ad libitum and meal comprising 89% Tifton hay, 10% ground corn and 1% mineral mixture, for 14 days prior to the collecting the rumen liquid.
Analyses of mineral matter (MM), dry matter (DM), crude protein (CP), ether extract (EE) of total diet provided and of remains were performed according to AOAC (2005) . NDF and ADF were calculated following methodology by Van Soest et al. (1991) .
Fecal pH and fecal residual starch were calculated by collecting feces samples of all animals from the floor immediately after defecation, once a day, between 1 and 3 p.m., for 5 days during the experimental period. Care was taken so that no contamination of samples occurred with the soil. Immediately after collection of samples, 50 g of the sample were diluted in 50 mL of deionized water. pH was measured daily by a manually calibrated potency meter Approximately 200 g of each sample were frozen and maintained in a freezer at -25ºC to determine fecal residual starch.
Starch concentration and fecal residual starch were calculated by the enzyme method in triplicate, proposed by Bach-Knudsen and Glitso (1997). The collected feces samples were dried in a oven at 105ºC for 72 hours and then ground in a Willey mill with a 0.5 mm sieve. Starch percentage was determined by 0.1 g of the diet sample and 0.2 g of the dry feces sample.
Statistical design was totally randomized, with three seven-animal lots for each experimental treatment. Each treatment comprised 21 animals equally divided into three pens. Each corral was an experimental unit for the variables dry matter intake, fecal starch residual feed conversion, percentage of diet starch and fecal pH. The animals were the experimental units for the other variables.
Data on weight gain, dry matter intake, feed conversion and carcass dressing underwent analysis of variance and means were compared by tukey's test (p > 0.05) with statistic program R.
The mathematical model was:
in which Yij is the observation on the 5 th animal, belonging to the j th supplemented group;  = general average of the characteristic; Si = effect of the supplementation type; Eij = residual effect. IVDDM data were adjusted to the model by Ørskov and McDonald (1979) to determine the degradability curve of DM to obtain degradability parameters. Results were analyzed by the test for model identity (Regazzi, 2003) , with statistical program R.
Results and discussion
Treatments failed to alter (p < 0.05) average daily gain, voluntary intake, feed conversion and carcass yield of bulls finished in feedlot (Table 2) .
There are several variation sources that affect responses to exogenous responses, such as its stability and activity in the rumen environment Martins et al., 2006c; Martins et al., 2008) . Nozière et al. (2014) did not report any positive effects on animal performance with enzyme supplementation higher than doses in current experiment, even though the inclusion of exogenous amylolytic enzymes increased by 8% the degradability of starch in the rumen without any increase in starch digestibility in the entire digestive tract. In an experiment with beef cattle in feedlot with the inclusion of 580 amylolytic units of amylase per kg of dry matter of the diet, J. M. Tricarico et al. (2007) registered an increase in voluntary intake of DM and weight gain in the first 28 days in feedlot (14%). The above failed to occur in current experiment perhaps due to the smaller quantity of enzymes provided to animals.
Although employing a low amount of enzymes, Rojo-Rubio et al. (2005) evaluated the starch efficiency of sorghum grain and reported a 13.9% improvement in the weight gain of lambs when given 4.2 amylolytic unities per kg of sorghum in diet produced from the bacterium B. lichenifformis. This fact shows that there are differences in results using different microorganisms for the production of the enzyme complex.
Non-linear responses on animal performance were reported by Tricarico et al. (2005) and Tricarico et al. (2007) . The authors reported a quadratic response on animal performance when receiving exogenous enzymes and attributed improvement in performance to a greater intestinal digestibility of the starch, favored by amylolytic enzymes when passing intact through the abomasum.
There was no difference (p > 0.05) for the different treatments in IVDDM (Table 3 ; Figure 1 ), which together with intake data, corroborated with the fact that animals failed to show any difference (p > 0.05) in weight gain and feed conversion.
The amount of exogenous enzymes added to the diet was not sufficient to increase degradation of dry matter in the rumen. Besides its high quantities of enzymes, its stableness and its activity in the rumen environment were relevant aspects for the increase of diet degradation in the rumen . Similar results were also reported by Tricarico et al. (2005) and Hristov et al. (2008) who did not evidence any difference in the digestibility of dry matter in the diet of animals treated with the enzymatic complex.
Rojo-Rubio et al. (2001) showed a 64.3% increase after 12 hours of incubation with regard to the in vitro degradability of starch treated with amylolytic enzymes of B. licheniformis. In fact, the microorganism used for the production of enzymes affects ruminal activity.
When Hristov et al. (2000) supplemented calves with polysaccharides, they did not register any difference in diet digestibility and in the dry matter intake, probably due to the hydrolysis of exogenous enzymes by the proteases in the liquid of the rumen and by the rate increase of passage through the rumen (Martins et al., 2006b) . Soluble enzymes are taken to the neighboring compartments and the enzyme concentration in the rumen diminishes.
Fine grinding of maize improves total digestibility and decreases starch fecal excretion in bulls due to the increase of the grain surface subjected to enzymatic and microbial attack. It causes a greater ruminal digestion of starch with greater benefits in the diet (Yang et al., 2001; Zinn et al., 2002) . The percentage of residual fecal starch was not influenced by supplementation with exogenous amylolytic enzymes of the treatments amylase and compound (Table 4) . The excretion of starch by the feces is also affected by the type of cereal and by the way grain is processed. In fact, the manner feed is processed may influence the rate and place of starch digestion (Huntington, 1997) . Prolamin, a protein in the maize grain that wraps starch granules, is another factor that may jeopardize starch granules in cereals (Chandrashekar & Mazhar, 1999) . The protein occurs in the endosperm (30 -60% of total grain protein) and envelops and turns impervious starch granules in a hydrophobic matrix, making difficult the access of microorganisms and their enzymes in the granule (Nascimento et al., 2009) .
Amylase treatment caused a lower pH when compared to compound treatment, possibly due to inactive yeasts in its composition. Yeasts in the diet remove the oxygen in the viable cellulolytic bacteria which use lactic acid and a pH decrease of the ruminal contents occurs (Wallace, 2004) . Fecal pH has an inversely proportional behavior to rumen degradation and fecal excretion of starch, as reported by Barajas and Zinn (1998) and Depenbusch et al. (2008) . Therefore, in diets with high grain inclusion, a greater quantity of starch does not undergo rumen fermentation and more starch passes through the small intestine. Starch in the intestine will be fermented by bacteria in the intestine with the production of a higher amount of fatty acids within the short chain and, consequently, a decrease in fecal pH will occur. A greater quantity of starch goes through without being digested by the gastrointestinal reaction and excreted by the feces.
Conclusion
The enzymatic complexes evaluated in current assay were not capable of improving the performance of bull confined in finishing lots.
